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Abstract
Objective: The aim of this study is to investigate the association between two polymorphisms of
endothelial nitric oxide synthase (NOS3) and suicide attempts.
Methods:  We genotyped 186 suicide attempters and 420 unrelated healthy controls. The
following polymorphisms were analysed: T-786C and 27-bp repeat in intron 4.
Results: No significant differences were found in genotype or in allelic distribution of the aforesaid
polymorphisms. There were also no differences in the genotype distribution or allelic frequencies
when separately assessing males and females or impulsive and non-impulsive attempters and normal
controls. Estimated haplotype frequencies were similar in both groups.
Conclusion: Our data do not support the hypothesis that genetically determined changes in the
NOS3 gene confer increased susceptibility for suicidal behavior.
Findings
There is good evidence, from both epidemiological and
genetic association studies, that suicidal behavior, a seri-
ous world-wide problem, is familially transmitted, and
that a substantial proportion of the variation in liability is
explained by genes (approximately 45% heritability)
[1,2].
Nitric oxide (NO) is produced from L-arginine by the
action of the nitric oxide synthase (NOS). There are three
NOS isoforms (NOS1, NOS2, and NOS3). NOS3 (also
called endothelial NOS, or eNOS) is the predominant iso-
form in most tissues [3]. NOS3 is involved in the prolifer-
ation of neuronal progenitor cells, which might be
implicated in the pathophysiology of depressive disorders
[4,5]. Prior genetic association studies have suggested a
possible role of NOS3 gene polymorphisms in affective
disorders [5] and suicidal behavior [6].
The NOS3 gene is located on chromosome 7q35.1. There
are several NOS3 polymorphisms and it has been sug-
gested that at least two of these (a promoter single nucle-
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otide polymorphism (SNP), T-786C (rs2070744), and a
27-bp repeat in intron 4) result in a reduction in NOS3
gene promoter activity [7] and function as an epistatic
enhancer element depending on T-786C genotype [8],
respectively.
In this study, we hypothesized that two functional genetic
variants of the NOS3 gene (T-786C and 27-bp repeat in
intron 4 would confer susceptibility to suicidal behavior.
One hundred and eighty-six consecutive suicide attempt-
ers (SA) admitted to the emergency room at San Agustin
Hospital in Asturias, Northern Spain (mean age (SD) =
35.00 (11.9) years, 36.6% males) were enrolled in the
study. Attempted suicide was defined according to the
proposed WHO definition [9]. SA were assessed during
the first 24 hours after the attempt using the Suicidal
Intent Scale (SIS) [10]. Most of suicide attempts (88.7%)
were non-violent (i.e., overdose, poisoning, or gas).
The control group consisted of 420 unselected healthy
individuals. DSM-IV criteria derived from the Mini-Inter-
national Neuropsychiatric Interview (MINI), were used to
rule out any psychiatric disorder among normal controls.
The mean age (SD) was 40.6 (11.3) years, and 51.4% were
males.
To minimize the problem of "population stratification,"
all individuals were of Caucasian Spanish origin, shared
similar sociodemographic profiles, and were comparable
with respect to the geographic origin of their families.
The study was conducted according to the provisions of
the World Medical Association Declaration of Helsinki,
ethical approval of the study was granted by the local
Institutional Review Board (IRB), and all participants gave
their informed consent.
Genotyping was performed blind to clinical data and in
duplicate, with patients and controls analyzed side by side
to eliminate errors in genotyping. NOS3 gene polymor-
phisms were identified according to previously published
methods [11].
Differences between allele and genotype frequencies were
assessed using a chi-square test, and p ≤ 0.05 was consid-
ered significant. Odds ratios (ORs) and their Cornfield's
confidence intervals (95% CIs) were also calculated. Sui-
cide attempts were divided into two subgroups: impulsive
and non-impulsive attempts, following the definition of
attempt planning proposed by Díaz et al. [12] using the
SIS (in 13 subjects, it was impossible to administer the SIS
due to clinical condition). In accordance with the defini-
tion used, a score of 6 on the planning subscale was used
to classify attempts as impulsive (n = 111 (64.2%)) or
non-impulsive (n = 62 (35.8%)). Most of the impulsive
attempts (n = 103 (92.8%)) were non-violent. Pairwise
linkage disequilibrium (LD) and haplotype analyses were
also performed.
The total number of samples analysed differed between
SNPs because of sample exhaustion or repeated assay fail-
ure. Some degree of LD was found, independent of dis-
ease, between NOS3 T-786C and NOS3 VNTR
polymorphisms (R value (Cramer'sV) = 0.252, p <
0.00001), but the LD was not complete enough to warrant
not genotyping both polymorphisms.
The distribution of the genotypes and allelic frequencies
for the NOS3 T-786C and NOS3 27-bp repeat in intron 4
polymorphisms in SA and controls is summarized in
Table 1. No significant difference was observed in the gen-
otype distribution or in allelic frequencies between the
unrelated SA and controls, in the studied polymorphisms.
The whole sample is large enough to detect a relative risk
of 2 with a statistical power of 85% and significance of 5%
(two-tailed test), assuming a minimum allele frequency of
14% in the healthy Caucasian population [11]. There
were also no differences in the genotype distribution or
allelic frequencies when separately assessing males and
females or impulsive and non-impulsive attempters and
normal controls (data not shown). The minimum statisti-
cal power when analyzing subgroups of samples was 75%
to detect a relative risk of 2.5.
A total of 4 haplotypes were estimated by the Genecount-
ing program to have non-zero frequencies. No significant
differences were found in the frequencies of these haplo-
types between SA and controls: likelihood ratio test (LRT)
= 5.100, df = 3, p = 0.165.
No association between NOS3 gene polymorphisms and
suicidal behavior was found in our sample. However, a
marginal association was found between the NOS3 -786C
allele and suicidal behavior (this association would disap-
pear if a Bonferroni correction for multiple comparisons
were applied). Our healthy control group shows geno-
typic and allelic frequencies similar to those previously
found in other samples of Caucasian healthy controls
[5,11,13,14].
Our results agree, at least in part, with the only prior
report [6] looking for a possible association between
NOS3 gene polymorphisms and suicidal behavior. The
single marker analysis of their sample showed a protective
effect of the rs891512 A-allele (p = 0.007), but no associ-
ation with the NOS3 T-786C polymorphism. However,
they found a protective haplotype C-T-A (T-786C/
rs1799983, also called Glu298Asp/rs891512) (p = 0.01)
with a pronounced effect against suicide completion (p =
0.005). On the other hand, there are no prior reports
searching for an association between the 27-bp repeat pol-
ymorphism in intron 4 and suicidal behavior.Publish with BioMed Central    and   every 
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Type I error was minimized in two ways: i) our study has
sufficient statistical power to prove an epidemiologically
relevant impact of hereditary variations in the studied
gene, ii) both patients and controls were matched for eth-
nicity and drawn from a homogeneous population. A pos-
sible limitation is that different psychiatric diagnoses are
included in the SA sample. However, we agree with a prior
report that suggests that liability to suicidal behavior
might be familially transmitted as a trait independent of
Axis I and II disorders [15,16].
In conclusion, the results of our study do not support the
role of NOS3 gene polymorphisms in suicidal behavior.
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Table 1: Polymorphisms of NOS3 in suicide attempters and 
controls
NOS3 T-786C NOS3 27-bp, 
intron 4
Genotype
Suicide attempters [n (%)] 53 (28.8%) TT 6 (3.2%) 44
92 (50.0%) CT 48 (26.0%) 45
39 (21.2%) CC 131 (70.8%) 55
Control frequencies [n (%)] 153 (36.4%) TT 23 (5.5%) 44
197 (46.9%) CT 105 (25.0%) 45
70 (16.7%) CC 291 (69.5%) 55
chi-square (df) 3.89 (2) 1.42 (2)
p value 0.143 0.491
Alleles
Suicide attempters [n (%)] 198 (0.54) T 60 (0.16) 4
170 (0.46) C 310 (0.84) 5
Control frequencies [n (%)] 503 (0.60) T 151 (0.18) 4
337 (0.40) C 687 (0.82) 5
chi-square (df) 3.88 (1) 0.579 (1)
p value 0.049 0.447
OR (95% CI) 0.78 (0.61–0.99) 0.88 (0.63–1.22)
NOS3 = nitric oxide synthase; bp = base pairs; df = degrees of 
freedom; OR = Odds Ratio; CI = Confidence Interval